B between 8 and 13% in patients with NF1. 4 The sizeable tumor burdens carried by sufferers preclude attempts at prophylactic resection of multiple lesions.
Risks of Surgery
Patients undergoing surgery for PNSTs are exposed to the risks of anesthesia, wound complications, and neurological injury. There is a significant incidence of neurological deterioration after PNST surgery. In a large published surgical series, Donner et al. 2 reported an incidence of increased motor deficit in 11% of patients without NF1 who presented with weakness, and new motor deficits were found in 15% of patients without NF1 who had no weakness preoperatively. New painful sensory disturbances were reported in up to 10% of patients without NF1. These risks were significantly greater in the NF1 cohort. There are conflicting reports about whether neurofibromas carry a higher incidence of neurological injury compared with schwannomas.
1,2 Preoperative counseling should include frank discussions about the magnitude of these risks and the potential occupational and personal implications.
Our general recommendation is for patients with PNSTs to undergo resection if the lesion is symptomatic or progressing in size. When evaluating tumors in locations associated with either a higher risk of malignancy (brachial plexus lesions) or a more significant risk of deficit (location in major nerve trunks), a lower threshold to operate may be appropriate.
Operative Considerations

General Principles
The overriding goal of the surgical management of benign nerve sheath tumors is to remove the lesion with minimal morbidity. Adherence to certain principles will facilitate success. Adequate visualization and successful removal will be achieved if the practitioner has detailed anatomical knowledge, achieves good exposure with meticulous hemostasis, and uses microsurgical techniques under appropriate magnification.
Incision and Exposure
An adequate, extensile exposure is essential for the effective removal of benign nerve sheath tumors. The healthy parts of the nerve of origin must be visualized proximally and distally to the lesion. For these purposes, small or transverse incisions are not appropriate. Incisions will generally follow the axial line of the extremities, except when crossing flexure creases, where a z-plasty may be most appropriate. Standard exposures for the major nerves and plexi have been well described. 6 For tumors involving small cutaneous nerves, a linear incision directed along the path of the nerve will be suitable. The tumor and related nerve must be dissected circumferentially so that all surfaces are accessible and neighboring structures can be identified, dissected, and protected.
Inspection of Tumor
Before attempts at resection are commenced, the tumor and related nerve should be inspected visually and electrically. Identification of nerve fascicles over the surface of the tumor will allow safe planning of the intraneural dissection. With the assistance of loupe magnification or the operating microscope, it is usually possible to appreciate the nerve fascicles splayed over the lesion. The functional state of these fascicles can be determined using electrical stimulation (discussed in a later section). By such an examination, the presence of fascicle-free tumor surface can be confirmed. It is through these areas that intraneural dissection can proceed.
Intraneural Dissection
The aim of this dissection is to separate the tumor and capsule from the uninvolved nerve fascicles. The initial incision is best positioned near the equator of the tumor and oriented parallel to the fibers of the nerve of origin. This minimizes the risk of injury to uninvolved nerve. The dissection most commonly proceeds in the extracapsular plane, by using a microdissector to tease the fascicles gently from the capsule. This separation proceeds toward the poles of the tumor. At the poles, fascicles will be encountered that enter the substance of the tumor. Electrical stimulation of these fascicles will help determine whether they are functional.
Classically, schwannomas are described as arising from a single fascicle, with the remainder of the nerve splayed over the surface. 9 In contrast, multiple fascicles may be involved by the tumor mass of neurofibromas. Some authors have advocated intracapsular dissection in cases of adherent tumors, claiming that there is no increased risk of morbidity. 10 When a larger tumor is encountered it may be necessary to debulk the lesion internally and allow the capsule to collapse inward to facilitate dissection. The use of an ultrasonic aspirator may be helpful in these circumstances. For proximal tumors arising from nerve roots exiting the spinal canal, only the distal portion is accessible. In these cases, a technique of asymmetrical tumor removal is used. 10 The same principles of exposure and dissection are applied, but only to the accessible portion of nerve. Dissection proceeds in a retrograde fashion until the proximal end of the tumor is reached.
Tumor Removal
The remaining nerve fibers that enter or exit the tumor and are deemed to be nonfunctioning are sectioned. The lesion can then be removed from the tumor bed. After removal of the mass, the tumor bed is examined. A further confirmation of adequate hemostasis is sought and the wound is closed.
Intraoperative Electrophysiological Tests
The foregoing description of operative steps mentions the use of intraoperative electrophysiological techniques. Such techniques allow the evaluation of nerve fascicles involved with the tumor, distinguishing functional from nonfunctional nerves and therefore guiding the operative approach. 7 Established options for nerve interrogation include the measurement of nerve action potentials or electromyographic responses to direct nerve simulation. In nerve sheath tumors in which access to the proximal segment may be limited (such as spinal foraminal tumors), motor evoked potentials to transcranial stimulation or sensory evoked responses to peripheral stimulation have been used. The availability of such techniques will vary among institutions, and special-ized staff and equipment are required. In the absence of sophisticated technology, the use of bipolar forceps connected to the anesthetist's peripheral nerve stimulator and set at an output of 2 mA and a frequency of 2 Hz (Stimlocator model SL3; B. Braun Pty. Ltd.) can stimulate the nerve, and direct observation of a motor response may provide valuable information. The decision to use a given method will also vary depending on the involved nerve and the experience of the surgeon. We would suggest that the use of these techniques is most beneficial when the surgeon's volume of cases is small. As surgical experience grows, lessons are learned from the use of intraoperative electrophysiological tests, the surgical technique is refined, and reliance on such technologies diminishes.
Illustrative Cases
Case 1
This 32-year-old woman presented with pain involving the posterior aspect of her thigh and calf when sitting. An MR image demonstrated the presence of an enhancing mass involving the sciatic nerve in the thigh (Fig. 1A) . After consideration of the relative risks associated with observation compared with surgical treatment, her informed consent for tumor resection was obtained. At operation, tumor was identified arising from the tibial portion of the sciatic nerve (Fig. 1B) . Nerve fascicles could be seen spread over the surface of the tumor. Surgical exposure was extended proximally and distally to normal nerve, the peroneal portion of the nerve was identified and protected, and the tibial portion was dissected free of its surroundings. After visual and electrical inspection of the tumor surface, interfascicular dissection was undertaken in the extracapsular plane (Fig. 1C) . A single entering and exiting nerve fascicle were identified and found to be electrically silent. This was sectioned and the tumor removed as a whole (Fig. 1D) .
Case 2
This 14-year-old girl presented with a 3-year history of a growing mass in her left upper limb associated with pain in the forearm. Minor weakness of finger and thumb extension was noted on examination. An MR image revealed an extensive enhancing mass arising from the posterior interosseous nerve (Fig. 2A) . After consideration of the relative risks associated with observation compared with surgical treatment, informed consent for tumor resection was obtained. At operation, a multilobulated lesion was successfully resected, with preservation of the fascicular structure. No new neurological deficit was detectable postoperatively. Follow-up MR images obtained at 6 months postoperatively demonstrated recurrence of the lesion. Further imaging at 9 months demonstrated continued growth of the tumor (Fig.  2B) , and a decision was made to perform a radical resection.
At the second operation, en bloc resection of the posterior interosseous nerve was performed from the wrist to just distal to the origin of the extensor carpi radialis longus branch. Postoperatively, finger and thumb extension was absent and useful wrist extension with radial deviation (Medical Research Council Score 4ϩ/5) was preserved. After several months, tendon transfer from flexor carpi radialis to the four fingers and palmaris longus to the thumb was undertaken to restore extensor function to the digits. Two years after the second operation there was no tumor recurrence (Fig. 2C) , and the patient had essentially normal hand function.
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Discussion
These two cases demonstrate the application of the principles we have outlined and the flexibility required in surgical management of PNSTs. The first case involves a benign PNST in the patient's extremity. The operative steps were tailored to the location and nature of the tumor, and an excellent result was attained. The second case illustrates a situation in which a good neurological result was achieved but the tumor recurred. The extensive infiltrating nature of a plexiform tumor presents unique challenges; these lesions are associated with a greater chance of incomplete resection and neurological injury. 1, 5 Concomitantly, they are reported to have a higher incidence of malignant transformation. The involvement of a multidisciplinary surgical team and intensive rehabilitation can produce satisfactory results in such situations.
Conclusions
The surgical approach will vary according to the location, type, and extent of tumor. Once the diagnosis is established, the choice of management strategy will depend on an evaluation of relative risk. In general, symptomatic or progressive lesions are considered suitable for surgery. An extensile exposure with circumferential dissection of the tumor and nerve, both proximal and distal, must be obtained. The anatomy and function of associated nerve fascicles must be studied. An interfascicular approach allows dissection of the tumor. Flexibility in the application of these principles is necessary for tumors of the proximal nerve roots, larger tumors, or plexiform lesions for which a multidisciplinary surgical approach may be beneficial.
